(LID) MQSFET has been devised and fabricated, where the major portions of the source/drain ( S I D) diffused layers are placed on tog of the field insulator to reduce S/D parasitic capacitances. The primary feature of this MQSFET is that the structure and processing are especially developed for submicrometer gate lengths. The fabricated LID MOSFET with a 0.5-1.m gale length and a 10-nm gate oxide thickness showed good electrical characteristics, such as a maximum transconductance of 115 mS/mm and an inverter delay time of 59 ps/stage.
I. INTRODUCTION S THE size of a MOSFET is reduced, the parasitic capacitance of the sourceidrain (SID) junction starts to limit its speed and power performance. This is because the lateral dimensions of the SID junction cannot be scaled proportionally to the dimensions of the active area owing to the necessity of allowing for relatively large alignment error and preventing contact resistance increase.
In order to reduce the SID junction capacitance, a unique lifted diffused-layer (LID) MOSFET has been produced. In this MOSFET, major portions of the §ID diffused layers are polycrystalline and are placed on top of the field insulator to reduce the SID capacitances without using SO1 [1] - [3] or a high-resistivity substrate [4] . Moreover, in contrast to other FET's similar to the LID MOSFET [5] - [7] , the structure and processing of the LID MOSFET are especially developed for submicrometer gate lengths to take full advantage of the reduced SID capacitances.
In this letter, we will briefly report on the structure, the fabrication process, and the electrical characteristics of submicrometer LID MOSFET's.
STRUCTURE
A cross section of the LID MOSFET is shown in Fig. 1 . In this MOSFET, the main portions of the SID diffused layers are placed on top of the field insulator which, in this case, consists of layers of silicon nitride and silicon dioxide. This reduces the S/D parasitic capacitances. The channel region is located in a high-quality epitaxial silicon film deposited simultaneously with the SIB polysilicon film. In order to define the small gate region of a submicrometer MOSFET precisely, LOCOS techniques are avoided and the field insulator is directly patterned by anisotropic etching.
It should be noted that in the LID MOSFET, the gate electrode is placed exactly in a groove formed between the edges of the field insulator. Therefore the top of the gate, source, and drain electrodes can exist in one plane. This greatly relieves the difficulties in the metallization process caused by the irregularity of the device surface features.
The additional advantages of the LID MOSFET structure, such as increased reliability of S/D contact, high immunity to the latch-up phenomenon in CMOS circuits, etc., have already been suggested elsewhere [2] , [5] - [7] .
FABRICATION PROCESS
The LID MQSFET fabrication steps are as follows. First, a field insulator consisting of silicon nitride and silicon dioxide layers is patterned to define the gate region. Next, undoped epitaxial and polycrystalline silicon films are simultaneously deposited to a thickness of 240 nm using SiH4 CVD. Then, each MQSFET is isolated by field oxidation, and this is followed by gate oxidation and channel implantation. After gate polysilicon deposition, gates with 0.5-50-pm lengths are defined in the small channel region with alignment errors less than 0.2 pm using optical lithography in a try-and-error manner. Although the gates could be defined using electron beam lithography or a self-alignment technique, conventional g-line lithography with overexposure is used for simplicity. Gate polysilicon oxidation, S/D implantation (As+, 40 keV, 6 X 10'j cm-2)5 and the other fabrication steps follow the conventional n-MOS process flow.
The LID-MOSFET process contains two key seeps. One is the simultaneous epitaxial and polycrystalline silicon film deposition. As reported earlier, polysilicon film deposited under high-temperature epitaxial conditions on silicon dioxide tends to have a rough surface owing to the reduced nucleus density [SI, This phenomenon, unsuitable for submicrometer structures, is prevented by two means. One is the use of a field insulator with a nitride top layer. The surface conditions of the polysilicon film deposited on silicon nitride and on silicon dioxide are shown in Fig. 2(a) and (b) , respectively. The surface of the polysilicon on nitride is very smooth in contrast to that of polysilicon on oxide. An additional means of obtaining a smoother polysilicon surface is the reduction of the deposition temperature down to 950°C.
The other key step in the LID-MOSFET process is the etching of the gate polysilicon in the groove. In this etching, a 0741-3106/87/0300-0098$01.00 b 1987 IEEE (a) (b) Fig. 2. (a) Surface morphology of polysilicon film on silicon nitride, and (b) on silicon dioxide, deposited by atmospheric-pressure CVD at 950°C. Source gas is SiH4 diluted by Hz. The center of the photograph is an epitaxial silicon film on an exposed silicon substrate. high etching rate ratio of polysilicon to silicon dioxide is needed. This is because the thickness in the vertical direction of the polysilicon on the groove wall is larger than that on the SID diffused layer and the thin gate oxide on the SID diffused layer must survive during the etching of the excessive polysilicon in the groove. To meet this need for high selectivity, anisotropic etching by low-pressure chlorine ECR plasma [9] is used to achieve a selectivity of 60. This results in a sharply etched profile with no residue. Fig. 3 shows a fabricated LID MOSFET with a 0.5-pm gate length, covered with as-deposited PSG. It can be seen that Fig. 4 . Zd-Vd curves of an LID MOSFET with a 0.5-pm gate length, a 50-pm gate width and a 10-nm gate oxide thickness. The gate voltage is stepped between 0 and 4 V. The maximum transconductance in the saturation region is 115 mS/mm. Fig, 5 , Subthreshold characteristics of an LID MOSFET with a 0.5-ym gate length, a 50-pm gate width, and a 10-nm gate oxide thickness.
IV. ELECTRICAL CHARACTERISTICS
All of the fabricated LID MOSFET's with gate lengths of 0.5-50 pm exhibited normal FET characteristics. The Id-v d curves of an FET with a 0.5-pm gate length, a 50-pm gate width, 10-nm gate oxide thickness, and a channel doping of 6 x l o L 6 ~m -~ are shown in Fig. 4 . The maximum transconductance in the saturation region is calculated to be as high as 115 mSImm, showing the effect of reducing the gate length down to the submicrometer range. The relatively high SID resistance indicated in Fig. 4 is due to the high sheet resistance (480 WO) of the lifted SID region. This is the result of insufficient doping of the SID region and the use of a polycrystalline material, and could be solved by optimizing the implantation condition and using the selective metal deposition or the self-aligned silicide technology. Fig. 5 shows the subthreshold characteristics of the same LID MOSFET. The subthreshold slope is from 80 to 82 mVI decade and is the same as that of the long-channel one. Furthermore, the subthreshold slope does not vary with drain voltage between 0.01 and 3 V. This suggests that, although the gate length is as small as 0.5 pm, punchthrough does not occur in this device. The high leakage current shown in Fig. 5 could be attributed to the insufficient doping of the polysilicon SID region.
Fifty-one-stage EIE ring oscillators were also fabricated and gave good results. The output waveform of an oscillator with a 0.5-pm gate length: operated at 5 V, is shown in Fig. 6 . The gate delay time is 59 psistage and the power consumption is 3.1 mWIstage.
V. CONCLUSIONS
Unique LID MOSFET's, where the SID parasitic capacitance is reduced by placing the SID diffused layer on a field insulator, have been designed and fabricated. In these MOS-FET's submicrometer gate lengths are successfully realized by using an anisotropically etched field insulator with a nitride top layer and highly selective ECR plasma etching of the gate polysilicon.
The LID MOSFET with a 0.5-pm gate length and a 10-nm gate oxide thickness showed good electrical characteristics, such as a maximum transconductance of 115 mSimm and an inverter delay time of 59 psistage.
